INTRODUCTION Background
Office work is a sedentary work and may require sitting for long hours at a computer, working in awkward positions or performing repetitive manual tasks. 1 Neck pain and low back pain (LBP) are significant health problems in office workers, with neck pain being most common among all office workers. 2 3 Development of chronic pain is common, 4 and nearly one-third of patients with LBP do not completely recover within 12 months after the onset of pain. 5 Both neck pain and LBP cause personal suffering, disability and impaired quality of work and life in general, 6 placing a great socioeconomic burden on patients and society. 7 8 In office workers, several individual risk factors, including older age, female sex, high body mass index, lack of physical exercise, smoking, alcohol consumption and previous symptoms, are associated with neck pain. 9 In addition, women and men with sickness absences due to musculoskeletal diagnoses have an increased risk of premature death, 10 11 which is attributed to physical inactivity-related non-communicable diseases (ie, cardiometabolic diseases and cancer). 12 13 Exercise is one of the most commonly applied treatment choices for non-specific neck pain and LBP, but evidence regarding its effectiveness in non-specific recurrent
Summary box
" High compliance to exercise and lack of adverse effects support the use of exercise concepts such as Fustra in sport/fitness clubs. " The Fustra concept was effective in reducing neck pain, but there is need to improve the exercises for low back pain. " Workplaces and insurance companies might have an interest to financially support private sports sector in providing evidence-based exercise programmes to their employees.
patient groups is scarce, especially for those with neck pain. The most recent systematic review 14 did not include findings on patients with recurrent neck pain and reported no high-quality evidence for the effectiveness of exercise for chronic neck pain. Strengthening and endurance exercises for neck/shoulder problems may be beneficial for reducing pain and improving function.
14 Post-treatment exercise can reduce the recurrence of LBP, but the details of an effective exercise programme have not been specified. 15 Although motor control exercises are reported to decrease the risk of recurrence at 1 year, the quality of the evidence is very low. 16 
Objectives
The aim of this study was to examine the effectiveness of a standardised exercise programme for reducing pain and improving fitness in office workers with recurrent non-specific neck pain and/or LBP in 34 commercial fitness clubs located in different parts of Finland. We also evaluated the effects on local musculoskeletal strain, fear avoidance beliefs, health-related quality of life and work ability. The hypothesis was that the Fustra20Neck&Back neuromuscular exercise programme will improve the control of posture and movement, neck/shoulder and trunk flexibility, trunk muscular endurance, and leg strength, and thus decrease pain intensity by 30%, compared with the non-exercise group.
METHODS

Study design, settings and participants
The study design was a multicentre, randomised, twoarm, parallel group trial where the individuals were randomised within 34 commercial fitness clubs (clusters) around Finland that provide standardised Fustra20Neck&Back exercise programmes and agreed to take part in the study. Recruitment of study participants began with an advertisement in a nationally distributed newspaper in Finland, and volunteers contacted the UKK Institute, Tampere, Finland, by phone or email. Websites (Facebook) of both the UKK Institute and local fitness clubs were used to reach more people.
A structured telephone interview was conducted by experienced research nurses of UKK Institute to screen the eligibility of the participants. Based on these, two senior researchers (JHS, MR) of UKK Institute made the final selection of participants. The inclusion and exclusion criteria for eligibility are presented in box 1.
Intervention
Exercise instructors were professionals (physiotherapists, or persons with a bachelor's degree in sports studies) with special training in the Fustra20Neck&-Back programme, which is an individually guided, progressive standardised neuromuscular exercise programme. The exercise dose was twice a week for 10 weeks (ie, 20 sessions). Each exercise session lasted 1 hour, and comprised 10 min aerobic warm-up with a cross trainer, 10 functional flexibility exercises (see online supplementary file 1) 4 strength and 5 core exercises (see online supplementary file 2), and a 10 min cool down, including instructor-assisted stretching. Participants were encouraged to continue exercising at home according to the plan provided by their personal instructor after the 10-week training period. The main aims and training principles of the Fustra20Neck&Back are presented in box 2.
The exercise instructors kept a diary for each participant regarding compliance and amount of each exercise during the 20 sessions. The participants were allowed to keep the training equipment (stick and foam block) for home exercise. Participants allocated to the control group were asked to continue their usual physical activity and exercise habits. After the final measurements at 12 months, controls were given the opportunity to participate in the Fustra20Nec&Back exercise programme five times and also received the training equipment.
Measurements and procedures
The study measurements, described in table 1, were conducted at baseline, and at the 3-month and 12-month follow-up. The main outcome measure was intensity of pain measured with Visual Analogue Scale (VAS) 23 for both the neck and low back. Questionnaire data were collected by the UKK Institute in an electronic form by sending the participants an email (and two later notices if needed) with a personal link to access the online survey tool Webropol. The pretesting health screening 24 and fitness testing were conducted at the local clubs by Fustra professionals who were not instructing the interventions. The screeners received a text message from the UKK Institute's research secretary (TI) with the names and phone numbers of the participants to be tested, and then made appointments for each individual. New text messages were sent before the measurements at 3 and 12 months to remind them to make new appointments. All data gathered at the fitness clubs (including copies of the exercise diary) were mailed to the research secretary, who later saved it in an electronic form using only the identification codes of the study participants. The UKK Institute sent feedback to each participant of both study groups regarding the individual fitness test results, physical activity and sedentary behaviour after the 3-month and 12 month follow-up measurements.
Physical activity, standing still and sedentary behaviour (lying, sitting) were measured objectively by accelerometers and analysed with methods 25 26 developed by the UKK Institute. In standardised conditions, standing can be separated from sitting or lying with 100% accuracy, and sitting from lying with 95% accuracy. 27 The research secretary mailed the accelerometers to the participants with instructions to place it on the right hip using a flexible belt and to wear it for seven consecutive days during waking hours, except while showering and other water activities. The accelerometers were returned by mail to the UKK Institute, where the data were analysed.
Randomisation and blinding
The individual study participants at the 34 fitness clubs (clusters) were randomised immediately after the baseline measurements into exercise or control group within each location/club (ie, individual randomisation). Randomisation of the participants was conducted by a statistician (KT) who was blinded to any participant identification information other than the study code. First Microsoft Excel (2010) was used to generate a random number for each participant with RAND() function. Second, within each fitness club (cluster) roughly 50% of participants with the highest random number were assigned to the intervention group and 50% with the lowest random number to the control group. The exercise leaders at each club received a text message from the UKK Institute's research secretary (TI) with the names and phone numbers of the participants in the exercise group, and then made appointments for the first exercise session. The research secretary was the only person with access to participant identification information other than the study code. The statistician and researchers were blinded to the group allocation until the end of the statistical analysis. The professionals conducting the fitness tests at each club were blinded to the group allocation at baseline, but the participants may have revealed their group during the follow-up fitness tests. The exercise instructors and participants were aware of the group allocation.
Power calculation and statistical analyses
The original plan was to have a total of 175 participants of 30 clubs (ie, mean of 5.8 participants/club) (see ClinicalTrials.gov NTC02235207). The final power calculations were based on the actual number of fitness clubs (clusters) that were willing to participate (n=34) given that they would have volunteer participants fulfilling the eligibility criteria. Power calculations were carried out using the 'cluster randomization power analysis' procedure 28 in PASS 11 (Power Analysis and Sample Size, NCSS, Kaysville, Utah, USA). A sample size of 34 clusters per group (exercise, control) with an average of 2.4 individuals per group (ie, 4.8 per club, a total of 163 participants) achieves 80% power to detect a difference of 10.0 mm in the VAS score between the group means when the SD is 25.0 and the intracluster correlation is 0.03 using a one-sided t-test with a significance level of 0.05. Due to the probable dropout at " improve body posture " enhance movement control of shoulder-neck, lumbar and pelvic areas " enhance stability of shoulder-neck, lumbar and pelvic areas " increase flexibility of neck/shoulder area " increase range of motion of thoracic spine with main emphasis on rotation " increase muscular strength and/or endurance of upper-body, trunk and lower extremities
THE MAIN PRINCIPLES OF TRAINING ARE:
" use of functional exercises, that is, gross movement of the whole body kinetic chain " applying the following principles of body alignment to each exercise when appropriate:
& standing feet forward and apart using a light foam 'block' (23 cm Â 15 cm Â 8 cm) between the feet with weight distributed equally on both feet different study phases, the aim was to recruit 180 participants.
Descriptive results are presented as proportions or means with SD. The differences between the groups at baseline were analysed by independent sample ttest, c 2 test or Mann-Whitney U test. The mean difference between the two study groups (exercise vs control) at the three measurement points was analysed by a general linear mixed model (GLMM) using the IBM SPSS V.22 statistics software. All analyses were first adjusted for age, sex, weight and height, and second for civil status, education level, smoking habit and perceived fitness. Only those confounding factors that improved the model in the second stage in the sense of Bayesian information criteria were included in the final GLMM. Continuity corrected CIs for proportions were calculated with the statistical software R 29 function prob.test. All analyses were performed according to the intention-totreat principle. Perceived local musculoskeletal strain after the work day during the past month assessed for neck, shoulder, upper back, lower back, knee and hip 38 Numeric Rating Scale 0-6, with manikin illustrating the body regions: 0=not at all; 6=very much Pain-related fear avoidance beliefs 39 towards physical activity Five standard questions with Numeric Rating Scale 0-6: 0=disagree; 6=quite agree; total score 0-30
Health-related quality of life 40 
RESULTS
A total of 823 people contacted the UKK Institute as interested participants; 190 were further screened, 176 were accepted for the study and 1 withdrew prior to randomisation. Five participants were excluded after baseline measurements due to insufficient data. The final exercise group included 87 participants and the control group included 83 participants. The study protocol and flow of participants at different stages of the study are presented in figure 1 . The participant characteristics are presented in table 2. The mean age was 41 years, and the majority of the sedentary office workers were women, married/cohabitating and had a higher than average level of education. The measured daily sitting time was 8 hours and 48 min on workdays. There was only one statistically significant difference between the study groups: compared with control, a lower proportion of exercise group perceived their fitness to be higher or much higher than their same-age peers (14.8% vs 27.8%, p=0.04). Regarding physical activity guidelines (see table 2), smaller, non-significant differences were detected for physical inactivity and meeting the muscular exercise recommendation for health. 30 Descriptive results of the outcome measures at baseline are presented in table 3. There were no statistically significant differences between the study groups in any of the outcome measures.
At least moderate-intensity ('clinically meaningful') pain (!40 mm) on the VAS score for both neck pain and low back was detected in 44% of the participants. The mean intensity and frequency of pain were higher for the neck than the low back, as was having radiating pain to the arm compared with the leg. Perceived local musculoskeletal strain after workdays was also higher in the neck and shoulders than in the back.
Severe limitations in sagittal level mobility of the neck and shoulder were reported by 56% of the men and by 39% of the women. Fear avoidance beliefs related to physical activity were low (mean 8.2/0--30), indicating that fear of pain was an unlikely reason for possible lack of physical activity. The Work Ability Index was at a fairly good level (mean 18.7/ 3--27). Reduced quality of life 31 was detected for subscales of 'Pain' and 'Energy' (<60/0--100), and 'Physical health' and physical 'Role functioning' (<70/0--100).
Compliance with neuromuscular exercise and adverse effects The exercise compliance was high: 67% (n=58) of the participants completed all 20 exercise sessions, 25% (n=22) exercised 15-19 times, 6% (n=5) 8-11 times and 2% (n=2) did not show up at all. No adverse effects of training were reported during the study by either the instructors or participants. Findings on pain and musculoskeletal strain in different anatomic sites at the 3-month follow-up confirmed the latter findings. Effectiveness of the standardised Fustra20Neck&Back programme The results are presented as the mean difference with 95% CI in figures 2-4. The decrease in pain intensity (p=0.001, figure 2A ) and frequency (p=0.024, figure  2C ), and strain (p=0.002, figure 2E ) in the neck and shoulders, in the exercise group was significantly greater compared with the control group, with the decrease in intensity of neck pain bigger than the minimal important change (!15 mm of the VAS score), 27 with a mean reduction of 30 mm at 3 months and 23 mm at 12 months (figure 2A). Effect size (Cohen's d) of VAS score in the neck was 0.453 and 0.364 in the back. The proportion with daily/almost Mann-Whitney U test. *Adults should be active several days (!3 times) a week and accumulate 150 min of moderate or 75 min of vigorous-intensity physical activity (or their combination) of bouts !10 min.
†Muscle strengthening activity for large muscle groups twice a week (!20 min/session) is recommended. zMETs, that is, metabolic equivalents; 1 MET equals oxygen consumption of 3.5 mL/min/kg. daily neck pain in the exercise group was reduced 45% from baseline to 3 months and 33% from baseline to 12 months ( figure 2C ). The reduction of perceived work-induced local strain in the neck and shoulder ( figure 2E ) was 28% at 3 months and 32% at 12 months. No between-group differences were detected in the intensity ( figure 2B ) and frequency of LBP ( figure 2D ) or local strain in the upper and lower back ( figure 2F ).
The exercise group compared with control had significantly greater improvements in neck-shoulder (p=0.014, figure 3A ) and trunk side-bending flexibility (p<0.001, figure 3B ). The results of the other fitness tests ( figure 3 ) of modified push-ups (figure 3C), static wall squat (figure 3D), 6 min walk test ( figure 3E ) and static balance (figure 3F) were not significantly different between groups. The modified push-ups, wall squat and 6 min walk test all had significant positive time effects (p<0.001).
The changes in health-related quality of life are presented for six of the eight subscales (figure 4), excluding 'Social functioning' and emotional 'Role limitations', which both had high mean baseline values (table 1) and seemed to be not highly relevant as outcomes for an exercise intervention. Statistically significant differences in favour of the exercise group were detected in the RAND-36 subscales of 'Pain' (p=0.003, figure 4A ) and 'Physical functioning' (p=0.022, figure 4B) . A positive time effect was demonstrated for 'Role limitations' due to physical health (p<0.001, figure 4D ), 'General health' (p=0.001, figure 4C ) and 'Energy' (p=0.004, figure  4E ).
DISCUSSION
The findings of the present study indicate that the standardised Fustra20Neck&Back exercise programme is effective for reducing pain and work-induced local strain in the neck/shoulder area, but not in the lower back. In addition, exercise improved upper-body mobility and health-related quality of life in terms of perceived interference of pain and physical functioning. The positive effects seemed to be maintained during the 12-month follow-up.
Neck and LPB are the two major reasons for visiting primary healthcare providers, the proportion seeking help being much higher among those who report intense pain in both the neck and lower back compared with those with pain at either site. 32 Neuromuscular exercise is the only mode of therapeutic exercise reported to be effective for relieving pain and disability of non-specific neck pain and LBP. [14] [15] [16] The present study is the first to report results on the effectiveness of a standardised exercise programme for reducing neck and LBP within the private sport sector. This is of great importance for society because occupational and primary healthcare lack the resources required to provide large-scale exercise counselling or instructed exercise sessions.
The main reason that the Fustra20Neck&Back reduced pain and strain in the neck and shoulders but not in the low back relate to the fact that the majority of the exercises targeted posture and movement control of the head, neck and shoulders (see online supplementary files 1 and 2), and there was a lack of functional exercises, such as the squat, 33 that are aimed at improving control of the lumbar neutral zone. Different types of squat patterns are required for activities of daily living, such as sitting down and lifting, and most sporting activities. 34 The Fustra20 Neck & Back programme also lacked exercises such as the sidebridge to challenge the musculus quadratus lumborum 35 along with other key stabilising muscles of the trunk (external/internal oblique, lumbar multifidus, erector spinae, latissimus dorsi) without causing a notable increase in compressive forces acting on the lumbar spine. 36 Four-point kneeling 37 would be another safe and effective exercise that requires various trunk muscle activation patterns and challenges the ability to stabilise the pelvis.
The most unique feature of the present study is the high compliance with exercise: 80 of 87 participants completed at least 15 exercise sessions, but 5 of them were lost to follow-up at 12 months (n=75). An important factor for high compliance might be that the instructors acted as personal trainers. The physical and psychosocial environment of sports clubs may also differ positively from that of healthcare. Third, many of the over 800 volunteers interested in participating were familiar with the trademark of Fustra beforehand and expressed positive expectations. Finally, the study participants had free access to the training, for which the normal market price was around e70 per session at the time of the study.
Strengths of the study To our knowledge, this is one of the first studies within private sport sector utilising a standardised registered exercise concept (Fustra) to prevent chronic pain and disability in office workers with neck pain and/or LBP. To become a qualified instructor, a special 2-week training course, including lectures on functional anatomy, exercise physiology, nutrition and practice to instruct three different exercise programmes (including Fustra20Neck&Back), is required. In the present study, all instructors were either physiotherapists or possessed a bachelor's degree in sports studies.
Limitations of the study
The major limitation of the study is that data on exercise compliance after the instructed 20 exercise sessions were not systematically collected during the second follow-up. All participants were provided with written home exercise instructions by their trainer, but systematic follow-up on compliance was not part of the standardised Fustra20Neck&Back exercise programme at that time. Recently, phone apps to facilitate continuing exercise at home were launched by Fustra, including a personal diary for follow-up. Regarding the present study, it is not known whether the reduction in pain and local musculoskeletal strain at 12 months was only due to the 3-month instructed exercise training or both the instructed training and continued selftraining. A practical real-life limitation outside the study is the fairly high price of Fustra training, which certainly limits the ability of all people to participate.
CONCLUSIONS
The standardised Fustra20Neck&Back exercise programme was effective for reducing pain and local strain in the neck/shoulder area and improving upperbody mobility, but not for reducing pain and strain in the low back. Positive findings on neck pain, high compliance to exercise and lack of adverse effects support the use of the programme in sport/fitness clubs. These findings should encourage the Fustra founders to develop the contents as suggested. In general, sport and fitness clubs outside the medical domain may offer an important means to reduce chronic musculoskeletal problems in occupational populations.
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